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Specification 

1 . Title of the Invention: 

MANUFACTURING METHOD FOR DECORATIVE TITANIUM MATERIAL 

2. Scope of Claims: 

Claim 1. 

A manufacturing method for a decorative titanium material, wherein, an optional drawing 
pattern(s) is drawn on the surface of a clean titanium material using an acid proof resist ink. 
After it is dried, etching is performed with a mixed acid of nitric acid and hydrofluoric acid. 
After a sulfuric acid treatment is performed, in addition, coloring is developed by 
immersing the titanium material into 0. 1 - 2.0 % of a hydrofluoric acid solution. After the 
resist ink layer is removed and the titanium material is dried, it is baked in an oxidized 
atmosphere. 

3. Detailed Explanation of the Invention: 
[Industrial Field] 

The present invention relates to a manufacturing method for a decorative titanium material, 
which is used for interior and exterior construction materials, art supplies and household 
articles and in a wide variety of other fields. 
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[Prior Art] 

Titanium has a small specific gravity and its strength is superior relative to the small 
specific gravity. Its corrosion resistance is also good. Therefore, it is utilized in various 
fields as a form of titanium alloy, such as aircraft, ships, various corrosion resistance 
containers, medical matenals, and chemical instruments & equipment. 

Conventionally, coloration methods for the purpose of enhancing a decorative efFect(s) of 
pure titanium metal or its alloy have already been disclosed, and it is well known that an 
anodic oxidization method enables pigmentation of diverse colors among the methods. 
However, it is also well known that it is impossible to pigmentize a black color even with 
the anodic oxidization method. Then, for example, as it is mentioned in the publication of 
Japanese Patent Publication Sho 58 - 23469, a technology, where clean metal titanium is 
immersed into dilute hydrofluoric acid, which contains 1 % or lower of hydrogen fluoride, 
and a black coating that is adhered onto the surface of the metal titanium is attempted to be 
formed, has been developed. Needless to say that the entire surface of the metal titanium 
becomes black with this method. However, it is extremely difficult to develop an identical 
black color in each operation, so that the decorative effect(s) cannot be highly evaluated. 
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[Problems Overcome by the Invention] 

As mentioned above, in the prior art, there has been the problem that it is extremely 
difficult to form a black coating securely adhered onto the surface of pure titanium or 
titanium alloy without the occurrence of exfoliation and falling away, and, which is a 
uniform hue, and to enhance a decorative effect(s). The resolution of these problems is the 
subject of the present invention. 

[Problem Resolution Means] 

In order to resolve the above-mentioned problems, the present invention has adopted a 
means for manufacturing a decorative titanium material, where an selective drawing 
pattem(s) are drawn on a surface of a clean titanium material using a resist ink that is acid 
proof After it is dried, etching is performed with a mixed acid of nitric acid and 
hydrofluoric acid. After a sulfuric acid treatment is additionally performed, coloring is 
developed by immersing the titanium material into 0.1 - 2.0 % of hydrofluoric acid 
solution; and, after the resist ink layer is removed and the titanium material is dried, it is 
baked in an oxidized atmosphere. The details shall be described hereafter. 

At first, concerning the titanium material in the present invention, the material is pure metal 
titanium or alloys where the titanium is a principal component, and these are molded by 
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processing to be a cold-rolled material, an acid pickling material, a shot material (GBB), an 
anodic oxidization material, a mirror plane material or a hairline material, or, by other 
various processing. 

Because the surface of the above-mentioned titanium material is considerably polluted by 
oils and/or dust, it is necessary to be sufficiently cleaned using a normal method, such as 
alkali cleaning, acid pickling, or rinsing with water, in advance. 

Next, an optional drawing pattem(s) (regardless of positive and negative features) is drawn 
on the surface of the clean and dried titanium material using a resist ink that is acid proof 
(such as, X - 77 manufactured by Taiyo Ink Mfg. Co., Ltd.), and the drawing pattern(s) are 
dried, for example, by ventilating air at 70 - 1 50 °C for 2 - 3 minutes. 

The titanium material where the drawing pattern has been drawn as mentioned above is 
immersed (for example, at 20 - 40 °C, for 3 - 4 minutes) into mixed acid (for example, a 
water solution that contains 20 % of nitric acid and 7 % of hydrofluoric acid), and etching 
is performed on portions except for the inked portions that have been drawn using the resist 
ink. The portions eroded by the etching become lower due to the liquation of the titanium 
material, and these are colored black to some extent. However, the coloring is insufficient 
and it is also unstable, so that the following process will be continuously performed, in 
addition. 
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More specifically, as a preliminary treatment for a formal coloring processing, the titanium 
material where the above-mentioned etching has been completed is immersed in sulfuric 
acid. For the sulfuric acid on this occasion, it is preferable that the concentration be within 
the range of 1 5 % through 35 % and the temperature within the range of 60 °C through 
80 °C, and the time period for immersion is for approximately 2-3 minutes, normally. 
The preliminary treatment with sulfuric acid is essential for the succeeding coloring process, 
and when treatment is not performed, coloring becomes unstable and a sufficient effect 
cannot be demonstrated. 

Standard coloring treatment is performed to titanium material where preliminary treatment 
with sulfiiric acid has been completed. This coloring treatment immerses the titanium 
material into a solution that contains 0.1 - 2.0 % of hydrofluoric acid at 5 - 25 °C of 
temperature for approximately 3-4 minutes. Here, when using a dilute acid where the 
concentration of the hydrofluoric acid is less than 0.1 %, the coloring becomes unstable, 
and when the concentration is in excess of 2.0 %, even though the coating is formed and 
black color is developed once, if the immersion continues, the formed coating is eliminated 
and the color becomes whitish again, which is not preferable. 

The formed black coating is extremely unstable only with this coloring treatment, and it 
exfoliates and falls away by merely rubbing the surface with a flngertip. Hence, it is 
important to successively dry the coating. The conditions for this drying are not limited. 



Japanese Laid-Open Patent Application Hei 3 - 153880 

However rapid drying should be avoided and it is preferable to gradually dry the coating in 
the vicinity of, for example, 70 °C. 

Then, when the drying is complete, in order to remove a drawing pattern that has been 
drawn with resist ink, the coating of the resist ink on the surface of the titanium material is 
wiped off/ removed with an appropriate solvent or with a solution of caustic soda (for 
example, 1 5 %). 

The titanium material where the above-mentioned treatment has been completed is baked in 
an oxidization atmosphere in order to further complete the coating drying, the hue 
stabilization and the coating fixation. Concerning the baking conditions on this occasion, 
in a normal case, if the temperature is within the range of 300 °C through 350 °C in the air 
and the baking time is for 2 - 3 minutes, it can be applied even for mass production. Here, 
it is presumed that the coating is a blackish brown oxidized coating, equivalent to Ti02, and 
as long as the conditions are normal for the formation of this type of oxidized coating, the 
above-mentioned baking conditions will persist 

[Operation] 

This method for the present invention is the one where, after the cleaned surface of the 
titanium material is etched with the mixed acid solution, which contains nitric acid and 
hydrofluonc acid, a preliminary treatment is performed with warmed dilute sulfiiric acid. In 
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addition, coloring treatment is performed with a well-known hydrofluoric acid solution. 
Subsequently, the titanium material is baked, resulting in the increase of adhesion and 
oxidization of the blackish brown coating. Therefore, it is possible to stabilize the hue of 
the coating and to prevent exfoliation and falling away. 
[Embodiment] 

A minute indeterminate form spot pattem(s) is printed with a resist ink (X - 77 
manufactured by Taiyo Ink Mfg. Co., Ltd.) on a dried surface of a cold-rolled metal 
titanium material (length: 80 mm, width: 100 mm, thickness: 0.4 mm) where degreasing 
with a detergent, rinsing with water and cleaning have been performed, and the titanium 
material is dried by ventilating heated air at approximately 100 °C for approximately 3 
minutes. This metal titanium material where printing and drying have been completed is 
immersed into mixed acid solution (25 °C) that contains 20 % of nitric acid and 7 % of 
hydrofluoric acid for approximately 4 minutes, and then etching is performed. The metal 
titanium material where the etching has been completed occurs is colored to blackish brown. 
However, this it is not sufficient, so that spinning is performed well and the metal titanium 
material is immersed into heated dilute sulfijric acid (70 °C) with a 25 % of concentration 
that has been separately prepared for approximately 3 minutes. The metal titanium material 
where this immersion treatment has been completed is immersed into a solution that 
contains 1 .0 % of hydrofluoric acid for approximately 3 minutes & 30 seconds, and the 
coloring of blackish brown is confirmed. After the coloring treatment, the metal titanium 
material is extracted, and af^er it is dned in a drier at approximately 70 °C for 
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approximately 5 minutes, the resist ink is wiped off/ removed with a solvent; and then, 
depressions of 1 0 - 20 are formed by the etching processing on the portions except for 
the printed pattern area using the resist ink, and the depression portions are colored with 
blackish brown. However, these colored portions have an insufficient hue and the adhesive 
property to the metal titanium material is also insufficient, so that it is inserted into an air 
furnace and baked at approximately 330 ± 5 °C for approximately 3 minutes, thereby 
promoting the oxidization of the blackish brown coating. The blackish brown pattern with 
a further stable hue is formed on the resultant metal titanium material, and the blackish 
brown coating is not one that is easily exfoliated and falls away. Furthermore, after the 
same operations are newly repeated to nine of the same type of metal titanium materials, 
decorative metal titanium materials 1 as shown in Fig. 1 and Fig. 2 are obtained. There is 
no different hue observed on blackish brown color development layers 2, which are formed 
on the surfaces of a total of ten obtained metal titanium materials, and no exfoliation and 
falling away easily occurs and these are stable. 

Furthermore, for the purpose of confirmmg that the method in the present invention is 
superior, a prototype based upon a method, disclosed in the above-mentioned publication of 
Japanese Patent Application Sho 58 - 23469 is produced. The material used is a cold- 
rolled metal titanium material, which is the same material and same shape as that of the 
embodiment, where cleaning has been completed. Ten pieces of the metal titanium 
material are individually immersed into a solution that contains 1.0 % of hydrofluoric acid 
for approximately 3 minutes & 30 seconds, and the coloring of blackish brown is confirmed. 
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so that the operations to extract the metal titanium materials from the solution and to dry 
them in a dryer at approximately 70 °C are repeated. No printing using a resist mk and no 
etching treatment are performed of the ten obtained blackish brown coloring layers 2, so 
that it is natural that no decorative effect(s) due to the pattern and concave & convex 
contours should emerge. Hence, the hue of the blackish brown color does not easily 
coincide and unevenness is strikingly remarkable. Hence, the blackish brown color 
development layers 2 are easily scratched and the surface of the metal skin easily appears. 



[Efficacy] 



The decorative titanium material that can be obtained with the above-mentioned method in 
the present invention has a blackish brown color development layer where the hue is 
uniform, and the color development layer has also stable adhesion properties without easy 
exfoliation and falling away. Therefore, it can be widely utilized for interior & exterior 
construction materials, such as ceiling material, wall material or roofing material, frame 
material for bicycles; body material for vehicles; material for household articles, such as 
desks or chairs; art supplies and in any other industry fields. 



-10- 



Japanese Laid-Open Patent Application Hei 3 - 153880 

4. Brief Explanation of Drawings: 

Fig. 1 is a plane view that shows the decorative titanium material that is produced in the 
embodiment for the present invention, and Fig. 2 is a cross sectional view of A - A in Fig. 
1. 

1 . . decorative titanium material 

2 ... color development layer 

Patent applicant: TIG Corporation [or TIG Co., Ltd.] 
Patent applicant: Yamade Corporation 



Patent agent: 



Bunji KAMATA 
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FIG. 1 



FIG. 2 
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